INTRODUCTION
This report describes several of the light element standard cross-section . evaluations that are included in Version IV of ENDF/B.L It is limited to those reactions for which the Los Alamos Scientific Laboratory has the primary responsibility and is intended as a supplement to an earlier but less detailed report by Magurno2 which includes all of the Version IV standards.
The main criteria for the choice of a standard cross section are that it be . a smooth function of energy and well determined experimentally; in addition, the response function of the detector in which the cross section is employed assumes great importance. While positive Q reactions enhance detector response functions, they also produce very large low-energy backgrounds.
Therefore, neutron sources and geometry must be chosen with great care.
Elastic neutron scattering from hydrogen, for which the cross section is essentially equal to the total cross section above a few eV, is the only reaction which satisfies the criterion of smoothness over the entire energy range to 20 MeV. Unfortunately, however, the hydrogen recoil does not have enough * energy to produce a useful response at low-incident neutron energies in most detector configurations, and positive Q reactions must be employed in flux monitors below a few keV. The light-element standard evaluations for ENDF/B-IV described in this report are listed in Table I along with a few of their important properties. 
1 H(n,n)$i ELASTIC SCATTERING CROSS SECTION AND ANGULAR DISTRIBUTION
The elastic and total cross sections for hydrogen are essentially equal above a few eV, and the total cross section is the best known and most often recommended of the standard cross sections. It satisfies the most important requirements for standards in that cl(En) shows no structure up to 20 MeV, the cross section is well known, the scattering is isotropic in the center-of-mass system (*4%) up to 20 MeV, and hydrogen is relatively easy to incorporate into various counter types.
*
The 2.2-MeV y from the lH(n,y)D reaction is sometimes used in a flux monitor instead of the recoil proton thereby taking advantage of a positive Q reaction to employ a hydrogen counter at low energies. A discussion of this reaction, however, is not included in this report.
The extensive theoretical analysis of fast-neutron measurements by Hopkins and Breit3 was used to generate the scattering cross section and angular distributions of the neutrons for the ENDF/B-IV file. 4 The code and the Yale phase 5 shifts 6 were obtained from Hopkins in order to obtain the data on a fine-energy grid. Pointwise angular distributions were produced to improve the precision * over that obtained from the published Legendre coefficients.
The phase shifts were also used to extend the energy range the original paper. 3
At 100 eV, the elastic cross section discrepancies frequently appear among the data sets. The measurements of Cambo:" average more than 5% lower than the predicted curve and differences of 5% or more are occasionally apparent among the data of a single set.
Figure 5B In this evaluation, the angular distribution at 100 keV is assumed to be isotropic since the calculated 180°/00 ratio is very nearly unity, that is, 1.0011. At 500 keV, this ratio approaches 1.005. Therefore, the pointwise normalized probabilities as a function of the center-of-mass scattering angle are provided at the following energies: 10 -5 eV (isotropic), 100 keV (isotropic), 500 keV, and at l-MeV intervals from 1 to 20 MeV. experiments be made at two or three energies which would, hopefully, further corroborate this analysis. Near 14.MeV, the energy-dependent total cross section is presently assumed to be known to -1% and the angular distribution to -2-3X. At lower energies where the angular distributions approach isotropy, the error estimate on the angular distribution is less than 1%.
It should be pointed out that errors involved in using hydrogen as a standard depend upon the experimental techniques employed and therefore may be significantly larger than the errors placed on the standard cross section. The elastic angular distribution measurements of neutrons scattered by hydrogen, which are available today, seem to indicate that o(O) is difficult to measure with the precision ascribed to the reference standard. If this is the case, then the magnitude of the errors in the 0(0) measurements might be indicative of error assignments which should be made on hydrogen flux monitors.
That is, it is difficult to assume that hydrogen scattering can be implemented as a standard 8 with much higher precision than it can be measured.
Even though better agreement with many past measurements can be reached by renormalizing the absolute scales, such action may not always be warranted.
At this time, no attempt has been made to estimate the effect of errors on the energy scale in ENDF/B. It is clear, however, that a small energy shift would produce a large change in the cross section, especially at low energies. The (n,p) and total cross sections for 'He from 1 to 10 keV. The curve drawn through the experimental points deviates from l/v at 1.7 keV.
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It should be noted, however, that the energy points are too sparse above a few 10B keV to reproduce the structure observed in .
Although the thermal (n,p) cross section is known to better than 1%, the energy at which this cross section deviates from l/v is not well established.
It should also be emphasized that experiments have not been carried out from 11 eV to a few keV, thereby placing severe restrictions upon the accuracy ac-.
companying the use of the 5He(n,p)T cross-section standard. The 10% error estimates on the ORNL experimental data are directly related to the uncertainties in the analysis of the target samples employed. Certainly, further absolute measurements are needed on this cross-section standard, especially above -100 eV.
Iv.
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Li(n,a)t CROSS SECTION
In the region below En = 1.7 MeV, the 6Li(n,a) cross-section evaluation is 7 based on a comprehensive R-matrix analysis of reactions in the Li system. The R-matrix formalism 62 is well suited for describing reactions in this system, since it accounts for both the l/v behavior and resonance structure of the cross sections. Furthermore, the cross sections from such an analysis satisfy general physical constraints imposed by unitarity, causality, and conservation of total angular momentum and parity.
Data from the reactions 6 Li(n,n)6Li, 6 Li(n,a)T, and 4 He(t,t)4He at energies corresponding to En below 1.7 MeV, were fitted simultaneously using the multi-63 channel, multilevel R-matrix analysis code, EDA.
Starting from the usual parameters of the R matrix, eigenvalues~, reduced width amplitudes yAc, and channel radii ac, the code calculates unitary collision-matrix elements in accordance 64 with general relations given by Lane and Thomas, then forms experimental observable for each reaction using the M-matrix trace formalism of Wolfenstein. 65
An automated search algorithm adjusts the resonance parameters to achieve a "best fit" to all the data included in the analysis in a least-squares sense.
Quantities specifying the two-body channels of the 7Li system considered in this analysis are given in Table II .
The types of data considered for each reaction, along with references for the measurements included in the analysis, are listed in Table III . Starting values for the resonance parameters were chosen to accommodate all the known levels87 in 7Li below 10-MeV excitation energy, as well as distant-level contributions in each state. The fits obtained from searching over the resonance parameters are described briefly for each reaction below. Calculated values of the elastic integrated cross section are shown in Fig.   9 and compared with the experimental data of Lane 66 67 and Knitter in Fig. 9B .
The 5/2-resonance at En = 7 250 keV, which dominates reactions in the Li system in the keV range, is clearly evident in this cross section. Below the peak of the resonance, the R-matrix fit lies well above Lane's points, and agrees at low 80 energies with measurements by Asami, although these data were not included in the analysis. The shapes of the elastic angular distributions and polarizations are reproduced well by the calculations over the entire energy range.
B. 6Li(n,t)4He
The calculated value of the integrated cross section at thermal is 940 ------t ments of Sowerby, converted to Li(n,a) cross sections using the Version IV 10 B(n,a). The calculated cross sections also agree well with Coates ,71 measurements below 35 keV, then rises to become 8% higher in the minimum at -100 keV, and 20% higher at the peak of the 5/2-resonance at 240 keV, as shown in Fig.   10B . On the back side of the resonance, the calculations remain slightly higher 72 than Coates' values, This is partly due to the fact that these data were weighted heavily in the analysis by their small errors (typically -l%).
The energy of the resonance peak in the calculated total cross section is 247 keV, indicating that the experimentally observed -7 keV shift relative to the Fits to a selection of differential cross-section and polarization measure-4 ments for He(t,t) elastic scattering are shown in Fig. 12 to illustrate the consistency of the resonance parameters with the considerable structure evident in the data from this reaction.
In particular, these data determine the parameters of most of the levels below the neutron threshold, and supply additional constraints on the parameters of the important 5/2-resonance at 250 keV. $ie(t,t) measurements in the region of 5/2-resonance available at the time this analysis was performed were not sufficiently accurate, however, to influence the fit nearly as much as did the neutron total cross section, for instance.
Although this analysis was completely independent of that used to provide the Version III evaluation for 6
Li at low energies, the results obtained are quite similar. This is because the results are highly constrained in both cases by fitting the accurate total cross-section measurements of Diment. relationship among the cross sections near the 5/2-resonance to allow the apparent discrepancy between the total and reaction cross sections to be resolved. Therefore, we cannot be confident that the (n,t) cross section resulting from this analysis represents the "true" cross section to standards accuracy over the resonance.
Recent work at Los Alamos is directed at resolving this perplexing question by supplementing direct measurements of the neutron cross sections with accurate 10B(n,aO)7Li AND 10B(n,aly) LT helOB(n, a) cross section at low energies (En < 1.0 MeV) is based on a comprehensive R-matrix analysis of reactions in the 11 B system, similar to that described in the previous section for 7Li. The two-body channel specifications used for this system are given in Table IV . Starting values for the resonance parameters were based on current information 87,95,98 of llB about the level scheme . The fits obtained from searching over the resonance parameters are discussed briefly by reaction in the sections below.
A. 10B(n,n) 10B + Two resonances are apparent in the elastic scattering data; a broad 7/2 level which shows strongly in the integrated cross section at E~300 keV, and n a 5/2-level which is evident in the differential cross-section and polarization data at 500 keV. Figure 13 shows that the fit to the integrated cross section reproduces the broad structure at 300 keV , and generally follows the data of 
o"
The data are from Refs. 87, 88, and 99. 10B(n,aO)7Li and 10B(n,u1)7Li* The broad 7/2+ level evident in the elastic integrated cross section is largly responsible for the sizeable l/v integrated cross section for these reactions. However, significant departures from the l/v dependence occur above 100 keV, particularly in the (n,ao) cross section. One of these deviations is due to the 5/2-resonance discussed previously, and another is tentatively attributed to a 5/2+ level occurringat En z 250 keV. Figures 15A and 15B show the R-matrix fit to the separate (n,ao) and
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The upper curve follows the measurements of (n,al) integrated cross sections. peaking of the angular distribution near 500 keV is due to the 5/2-resonance.
J.
The calculated neutron total cross section is shown in Fig. 18 in the analysis. However, B(n,a) data that became available soon after the evaluation was submitted for ENDF/B-IV differ substantially from those used in the analysis. With sufficient data to determine the correct level structure, this comprehensive R-matrix approach can be expected to give a consistent set of smoothed cross sections that are determined more accurately than the individual measurements.
In this case, we feel that present uncertainties in the data and -5% for an n and CTT, and as much as 20% for on,a in the region between 200 keV > and 1 MeV. The thermal value is probably determined to better than 1%, however, with the uncertainty in the evaluated (n,a) cross section increasing to -5% at 200 keV. 
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